Abstract. Multilevel methods are indispensable for the approximation of nonlinear evolution equations when complex physical phenomena involving the interaction of many scales are present such as in, but without being limited to uid turbulence. Incremental unknowns of di erent t ypes have been proposed as a means to develop such n umerical schemes in the context of nite di erence discretizations.
Introduction.
In the past, the approximation of nonlinear evolution equations was mostly restricted to short intervals of time or to long intervals of time when the solution converges to a stationary one as t ! 1 .
The new technologies and the increased power of the new computers o er to the numerical analysts new challenging problems, namely the approximation of nonlinear evolution equations on large intervals of time when complex physical phenomena appear. New numerical methods adapted to such problems need to be developed see 9 ; in particular multilevel methods are needed in order to treat appropriately the di erent scales appearing in a complex problem and to resolve a t reasonable cost the smaller scales.
Incremental unknowns have been proposed as a means to address this new type of problems when nite di erence discretizations are used. The idea is to treat di erently the small and large scale components of a ow and in this way t o a void sti systems; to save on computing time; and to obtain better CFL CourantFredriche-Levy stability conditions see 9 .
After studying linear elliptic problems in 1 and 2 , we consider here nonlinear evolution equations. As a rst example, we apply the multilevel wavelet-like incremental unknowns to a Reaction-Di usion equation: @u @t , u + gu = 0 i n ; For the sake of simplicity, w e shall consider only the one-dimensional case and = 0 ; 1 in the rest of the paper. The higher dimensional cases can be treated in the same way. The de nition of the wavelet-like incremental unknowns in dimension two can be found in 3 and it is recalled below in dimension one.
The article is organized as follows. In Section 2 we recall the de nition of the wavelet-like incremental unknowns WIU and describe their implementation in the space discretization of problem 1.1-1.3. Then in Section 3 we consider space and time discretization. Four di erent s c hemes are proposed which are of the nonlinear Galerkin type. Finally in Section 4 we develop the stability analysis of these schemes. The limitation of the time mesh k = t are much better than those obtained with usual one-level spatial discretizations. Of course as usual for nonlinear problems, our stability analysis provides only su cient stability conditions; however there are also numerical simulations performed for Burgers equation which con rm these improvements 5 . We n o w i n troduce the d + 1 l e v els Wavelet Incremental Unknowns WIU into equation 2.1. We rst separate evenly the unknowns into two parts, one part represents a coarser grid approximation, another represents a correction to the coarser grid approximation. We obtain 2-level wavelet-like incremental unknowns. After the rst split, the unknowns which represent a coarser grid approximation can be separated again into two parts : : :. 3. Nonlinear Galerkin method.
In this section, we propose some new schemes based on the utilization of the incremental unknowns introduced in the last section. The new schemes will not only simplify the formulas which m a k e them easier to implement, but also improve the stability conditions comparing to the corresponding schemes in the last section while maintaining the same complexity of the computation see Section 4. The schemes we shall propose are obtained by neglecting some small terms involving Z. A partial justi cation of these schemes can also be seen through the dynamical system theory c.f. 6 , 7 , 8 . In this section, we shall rst propose the new treatment of the spatial discretization. We then propose several fully discretized schemes. The stability conditions for the fully discretized schemes will be presented in the next section. The convergence of these schemes can be proved by u s i n g the stability results in the next section and then proceeding as in the proof of convergence of the nonlinear galerkin method for Navier-stokes type equations in Now w e consider time discretization. We can easily obtain an explicit scheme for 3.2 by using the explicit Euler scheme. 
